Over 160 rare genetic variants in presenilin 1 (PSEN1) are known to cause Alzheimer's disease (AD). In this study we screened a family with early-onset AD for mutations in PSEN1 using direct DNA sequencing. We identified a novel PSEN1 genetic variant which results in the substitution of a Proline with an Alanine at codon 117 (P117A). The P117A variant was present in all demented individuals and fifty percent of at risk individuals. This variant occurs at a site where three other disease-causing variants have been previously observed.
The presenilins form the catalytic core of the ␥-secretase complex, which is required to produce amyloid-beta (A␤) from full length amyloid-beta precursor protein (APP) [9] . Over 160 rare genetic variants in PSEN1 are known to cause Alzheimer's disease (AD) [1] (http://www.molgen.ua.ac.be/ADMutations/). With few exceptions [3] these variants result in onset of dementia before age 55 years, or early-onset AD (EOAD). Most of these variants occur in transmembrane regions of PSEN1 and appear to alter the production and deposition of 42 amino acid A␤ fragments (A␤42) [10] . Thirteen variants, including P117L, P117R and P117S occur in the first hydrophilic loop of PSEN1 [2, 6, 8, 11] . In this study we sequenced PSEN1 in a family with EOAD and identified a novel variant which segregates with AD.
The pedigree is shown in Fig. 1 . Eight individuals over four generations of this family have developed dementia during the fourth decade of life. At age 35 the proband (IV-3) was identified in the local hospital of a small town in the state of Valle del Cauca, Colombia. The clinical evaluation included a comprehensive interview with the subject as well as collection of information from medical records and family members. The clinical diagnoses were made using the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) criteria * Corresponding author. Tel.: +1 210 756 8519.
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for probable Alzheimer's disease along with a mini-mental state exam (MMSE). The routine evaluation of a patient with dementia included computed tomography (CT) head scan, and the following laboratory tests: complete blood count (CBC), standard chemistry, thyroid stimulant hormone (TSH), Venereal Disease Research Laboratory test (VDRL), Folic acid and Vitamin B12 levels. Information regarding the affected deceased family members was obtained through family members and review of hospital records.
We sequenced PSEN1 in three AD cases and two at risk individuals. Primers were designed to target each exon of PSEN1 and at least 50 bp of 3 and 5 flanking intronic sequence. Primers for sequencing were designed using consensus sequence from Ensembl (http://www.ensembl.org/index.html) and the software PRIMER3 [5] (primer sequences will be provided on request). Sequencing was performed using ABI Big Dye version 3.1 (Applied Biosystems, Foster City, CA). Sequence analysis was performed using Sequencher software (Gene Codes, Ann Arbor, MI).
To test the effects of the P117A mutation, we transfected P117A mutant PSEN1 cDNA into HEK cells and measured secreted A␤40 and A␤42. The QuickChange II site-directed mutagenesis kit (Stratagene, Cedar Creek, TX) was used to introduce the P117A point mutation into wtPSEN1 cDNA. The construct was confirmed by direct sequencing. HEK cells were transiently transfected with APP NL and wtPSEN1, P117A or E9 (a PSEN1 familial AD variant which is known to have a large effect on APP processing [4] ). The cDNA constructs for wtPSEN1, APP NL and E9 and methods for 40 amino acid A␤ (A␤40) and A␤42 measurement have been described previously [7] . Total A␤ (A␤42 + A␤40) and A␤42/total A␤ ratio were compared between the wtPSEN1 and P117A variant cells using a t-test.
We have identified a pedigree with a four-generation history of early-onset dementia of the Alzheimer type. Eight individuals in this pedigree have been diagnosed with a dementing disorder. The transmission of AD in this family is consistent with autosomal dominant inheritance (Fig. 1) . The proband (IV-3) visited the local hospital and was evaluated by Dr. Henao-Martinez.
The proband (IV-3) developed progressive memory impairment with gradual onset at 32 years of age. She visited the hospital repeatedly (even several times a day), often forgetting the information she had provided previously. She is a single mother and experienced difficulties in caring for her children; preparing baby bottles several times and misplacing documents or personal objects frequently. This difficulty led to the need for a neighbor's assistance. Finally, local government authorities took custody of her children because she was unable to provide them with appropriate care. Her speech was characterized by confabulation and repetitive phrases. At age 35 she exhibited significant cognitive impairment affecting more than two cognitive areas, with an MMSE score of 10/30, showing severe memory dysfunction, acalculia, agraphia, impairment in visuospatial tasks and some degree of ideational apraxia. The CT of her head showed diffuse cerebral atrophy with all laboratory measurements in the dementia workup within normal limits.
The proband's brother developed symptoms at 33 years of age. He was married with two children and worked as an auto mechanic. He started to forget and misplace objects frequently. He became unable to perform his duties satisfactorily and was released from his job. Later, he attempted to assist another auto mechanic without success. He required his wife's assistance in several daily activities and wandered frequently. At the time of the evaluation he presented with marked cognitive deficits, including disorientation, memory dysfunction, acalculia, agraphia and ideational apraxia, with an MMSE score of 5/30. The physical exam and laboratory workup was unremarkable but the CT showed diffuse cerebral atrophy.
Subject IV-5 was also a single mother with one child. She started to develop symptoms at the age of 33 years. She required her daughter's assistance for common tasks at home. At 36 years old she exhibited repetitive speech with marked forgetfulness. She worked as a housekeeper, but gradually became incapable of performing her job satisfactorily. When examined by a physician the patient presented with acalculia, agraphia and memory impairment (MMSE of 15/30), with an otherwise normal dementia workup.
A transversion from C to G, resulting in a change from Proline (CCA) to Alanine (GCA) at codon 117 (P117A) was found in each of the demented subjects and fifty percent of at risk individuals ( Figs. 1 and 2 ). Codon 117 is located in the first hydrophilic loop of the PSEN1 protein [6] and is the site of three other disease-causing variants [8, 11] . No variants that segregate with disease were found elsewhere in the PSEN1 gene in members of this family.
The A␤42/total A␤ ratio in media from cells transfected with P117A was significantly higher than those with wtPSEN1 (P = 2.79 × 10 −7 ; Fig. 3 ). Total A␤ levels from P117A were not significantly different from wtPSEN1. The P117A variant segregates with disease in this Columbian kindred with an autosomal dominant pattern of early-onset AD. Three disease-causing variants at codon 117 of PSEN1 have been described previously. The P117L mutation was described in a single family with onset between 24 and 34 years [8] . The P117R variant was identified in a female patient, who has had complaints of memory loss beginning at 36 years of age [11] . The P117S mutation was observed in a family with AAO ranging from 29 to 33 years [2] .
AAO for the P117A variant is similar to that of the previously reported variants at codon 117, with mean AAO at 32.7 years. Clinical features of individuals with these four variants are quite similar; cognitive impairment in memory, learning and visuospatial tasks and rapid disease progression were observed with all four variants. Variants at this codon consistently cause a very severe early-onset form of the disease even for PSEN1 mutations.
HEK cells carrying the P117A variant showed significantly higher A␤42/total A␤ ratio than wild type cells. This finding is clearly consistent with the observation of increased A␤42/total A␤ ratio in several other known PSEN1 AD mutations, including P117L [8] and P177S [2] and suggests that this mutation causes AD via a similar mechanism. These findings reiterate the central role of PSEN1 in AD and add to the list of known disease-causing variants in PSEN1.
